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Abstract: 
The comparison of proteins that are either up regulated or down regulated with respect to diabetic 
eye diseases revealed that more number of proteins exhibit variation with respect to diabetic eye 
diseases such as diabetic retinopathy and diabetic dry eye. We identified 396 proteins in the 
human tear fluid using top down MS analysis approach. Out of this we could identify 97 core tear 
protein which make core human tear proteome. The human tear proteome is composed of tear 
proteins like lactoferrin, poly Ig factor, serum albumin, Basic proline rich protein, lipocalin, 
lacritin, keratin, lysozyme, cystanin, serretoglobulin, heat shock proteins, glutathione-S- 
transferase and polyubiquitin to name the few. Additionally Aldehyde dehydrogenase, lysozymes 
antioxidant free radical, removed and pathogen killer proteins could also be identified. 
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Introduction: 
The major proteins present in tears are lysozyme, 
lactoferrin, secretary immune-globulin A, lipocalin, 
albumin, and lipophilic. The total proteins in tear 
fluid ranges from 6 to 10mg/ml as reported by Redl 
(2000). Grus et al. (1999) studied tear film protein 
patterns of diabetics tear fluid. According to their 
study the tear film protein pattern of diabetic tear 
fluid was clearly different from the diabetic 
patterns of dry-eye disease.  
The researcher’s team of Grus also found that the 
tear composition of diabetic patients suffering from 
ocular disease was changed as compared to the 
other diabetic patients. Normal functioning of eye 
requires complex multilayer tear film. This consists 
of protein, lipids, enzymes as well as salts. Any 
change in the composition has an effect on the 
stability of tear film and ocular health (McCulley, 
1997). 
It has been reported by Grus et al. (1998) that in a 
healthy person who is suffering from dry eye 
disease has a significantly different tear protein 
pattern as compared to diabetic patients suffering 
from dry eye disease. Grus et al. (2002) studied the 
electrophoretic patterns of tear fluid proteins by 
one dimensional PAGE. The presence of lysozyme, 
lactoferrin, lipocalin as well as albumin was 
detected in non-diabetic controls whereas the 
protein profile of diabetics show additional protein 
peaks because of the change in concentration and 
composition of principle protein peaks. The major 
difference was observed in molecular weight range 
of 30-50 Kda protein pattern. 
Anderson et al. (2004) reported that the proteins 
present in very low levels and hence masked by 
proteins of high concentration making it difficult to 
detect. Kaiserman et al. (2005) reported that 
alteration in the tear fluid and decrease tear 
production can lead to dry eye syndrome in 
diabetics. More over the loss of the lipid can 
increase tear osmolarity. In diabetic patients, dry 
eye is more prevalent, and it can be used for 
detection and monitlates with poor glycemic 
control as measured by HbA1c levels. 
Tear film fluid proteomics may prove possible 
novel tool. Moreover, it can be used for the pre 
screening of large population patients as well as 
subsequently graded into disease severity classes. 
Moreover, the various research groups worldwide 
protein composition of tear fluid have been 
investigated and concluded that, higher than 500 
proteins are already to be present in tear fluid (De 
Souza, 2006). Lacritin would be a good 
biotechnological tool for treatment for eye (Fujii et 
al. 2013). 
In association with dry eye disease state several 
proteins identified as potential biomarkers. It has 
been seen that the extracellular proteins like beta-2 
microglobulin, lacritin, proline rich 4 and 
secretoglobin 1D1 were reduced in dry eye disease 
condition. The other proteins include Secretoglobin 
2A2; glycoprotein 340, serum albumin and 
prolactin-inducible protein all of these were found 
to be amplified in same dry eye state. There are 
several changes protein profiles were detected with 
relation to dry eye in contact lens users (Nichols et 
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al., 2009). Kim et al. (2012) identified three 
important proteins (LCN-1, HSP27 and B2M) and 
observed continuous decrease in the diabetic 
patients. 
Diabetes causes dry eye syndrome and diabetic 
retinopathy. Hypothesis is set to find out variations 
in the tear proteome of diabetic patients compared 
to healthy variations in order to link variations in 
tear fluid proteins to disease status. In the present 
research efforts have been made to identify the tear 
proteins normal and diabetic human subjects using 
modern proteomic technology such as ESI Mass 
spectroscopy. It is expected that the polymorphic 
protein profile shall lead to identifying the 
candidate biomarkers. Such candidate biomarkers 
from the tear fluids further may lead to the 
development of noninvasive diagnostic tools for 
the prognosis, diagnosis and monitoring the 
diabetic disease status. 
Material and Methods: 
1. Patients consent 
Written consent was obtained from the patients for 
the tear collection. Tear sample collection was 
done at Bharati Eye Hospital, Pune. Ethics 
committee approval was take for the study. 
2. Tear Sample Collection 
Schirmer Tear Test (STT) has considered as one of 
the best tear sample collection method. Basal tears 
samples were collected using the Schirmer tear test. 
No artificial tear secretion stimulation was perfor-
med. The Schirmer's strip has put in the inferior 
conjunctival fornix in both eyes. The strip  kept and 
waiting the strip to wet until reaching 30 mm 
irrespective elapsed time. For further processing, 
each strip was stored in a polypropylene tube5 for 
further processing.  
3. Processing of tear fluid: 
Schirmer strips stored in polyethylene tubes were 
dipped in to ammonium bicarbonate and incubated 
for one hour at room temperature. Proteins 
extracted in ammonium bicarbonate were 
precipitated with chilled acetone and incubated at -
20ºC; further proteins were separated as pellet by 
centrifugation. Protein pellets were washed and 
dissolved in HPLC grade water for further gel 
electrophoresis and mass spectroscopic analysis. 
4. LC-MS Analysis 
The mass spectrometer was operated in the data-
dependent mode. Survey full scan MS spectra 
(from m/z 300 to 1,600) were acquired in the 
resolution R = 60,000 at m/z 400 (after 
accumulation to a target value of 1,000,000 charges 
in the linear ion trap). The most intense ions (up to 
five, depending on signal intensity) were 
sequentially isolated for fragmentation in the linear 
ion trap using collision ally induced dissociation at 
a target value of 100,000 charges. The resulting 
fragment ions were recorded in the orbitrap with 
resolution R = 15,000 at m/z 400. Spectral data 
generated was further subjected to protein 
identification using Mascot search engine.  
Results: 
Tear Proteins of normal subjects: 
We identified 396 proteins in the human tear fluid 
using top down MS analysis approach. Out of this 
we could identify 97 core tear protein which make 
core human tear proteome. The human tear 
proteome is composed of tear proteins like 
lactoferrin, poly Ig factor, serum albumin, Basic 
proline rich protein, lipocalin, lacritin, keratin, 
lysozyme, cystanin, serretoglobulin, heat shock 
proteins, glutathione-S- transferase and 
polyubiquitin to name the few. Additionally 
Aldehyde dehydrogenase, lysozymes antioxidant 
free radical, removed and pathogen killer proteins 
could also be identified.  
The list of some specific tear proteins identified in 
the current study in relation to the accession 
number, molecular function, biological process, 
mascot protein score and number of peptides found 
are briefly described below. 
Lysozyme plays important role in bacterial lysis. 
Histone H1 and Histone 1, H1b proteins are known 
to function in immunity. Secretory leucocyte 
protease inhibitor protein play important role in 
defense mechanism.  some of the other protein are 
Neutrophilicclastase Mucin7, Phospholipase A2, 
Ribonuclease 4, HNP-1 is defense and immunity 
protein, HNP-2 is defense and immunity protein, 
HNP-3 is defense and immunity protein Proline 
rich 4 (Lacrimal) protein PBI (Proline rich protein, 
Nasopharyngeal carcinoma associated proline rich 
4 protein Coagulation factor II (thrombin) protein 
acts as blood clotting, Proline rich peptide (Proline 
rich protein 3) P-B protein Chain –A, human 
cathepsin G  protein acts granulocyte mediated 
immunity.  
Apolipoprotein H (beta 2-glycoprotein 1) protein 
acts as Immunity and defense, Beta 2 
microglobulin proteins is functioning as major 
histocompatibility complex antigen Lactoferrin is 
carrier protein transport cation,  Zn-alpha2-
glycoprotein, Lipocalin 1(Tear prealbumin) is a 
carrier protein, Cystatin SN (salivary cystatin SA-
1) (Cystatin SA-1) protein acts as cystcine protease 
inhibitor and proteolysis, Albumin is the carrier or 
transfer protein, Lipophilin C protein acts as a 
developmental, Cystic fibrosis antigen is 
Calmodulin related protein acts in macrophage 
mediated immunity, Lipophilin A is carrier or 
transfer protein. Lacretin protein is less in dry eye. 
Transthyretin is carrier or transfer protein. 
Vimentin is the cytoskeletal protein (Intermediate 
filament) protein acts for cell structure. S 100 
calcium binding protein A 12 (calgranulin C) is 
Calmodulin- related protein acts as Immunity and 
defense related protein. 
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Differentially expressed proteins in dry eye and 
diabetic retinopathy given in table no. 1. Several 
known and new proteins could be identified in tear 
fluids using mass spectroscopy technique such as 
lysozyme, lactoferrin, lipocalin, tear specific 
lipocalins, lipophilin, serum albumin, and 
immunoglobulin. These proteins have already been 
identified and reported using the techniques such as 
1D/2D gel electrophoresis and other advanced 
techniques. Table NO. 1 summarizes the list of tear 
proteins identified in the current study. 
Table 1: Differentially expressed proteins in dry eye and diabetic retinopathy 
Name MW 
(pred/ex)
a
 
Score Accession no. Classification 
DJ-1 protein 20/25 92 NP_009193 Up- 
Beta-2 microglobulin 13/16 114 CAA23830 Up- 
Envelope protein 54/28 147 AABO5390 Down- 
Protein SAO 1 14/20 55 AAB19889 Down- 
Lipocalin 1-like 1 18/21 70 CAH73781 Down- 
Lipocalin 19/12 68 AAH74925 Down- 
Cytokeratin 4 45/21 360 CAA30534 Down- 
Lipocalin 1 like 1 21/22 67 CAH73781 Down- 
S100 calcium binding protein A8 10/22 79 NP_002955 Down- 
Lipocalin precursor 19/22 235 NP_002288 Down- 
Keratin 31 48/28 99 NP_002268 Down- 
Heat shock protein 27 22/31 170 AAA62175 Down- 
Adenine phosphoribosyltransferase 
isoform 
19/20 99 NP_000476 Down- 
Phosphohistidine phosphates 14/20 74 BC024648 Down- 
Beta globin 14/19 107 AAF00488 Down- 
Lysozyme 14/14 76 1LHM Down- 
S100 Calcium binding protein A9 13/15 214 NP_002956 Down- 
Crystal structure of human calprotection 13/14 52 NP_002956 Down- 
S100 Calcium binding protein A4 12/12 38 AAB20971 Down- 
Phosphohistidine phosptase 14/21 74 BC024648 Down- 
 
Discussion: 
Top-Down LC-MS/Ms approach being preferred to 
identify the tryptic digested samples from the 
biological sources. Using LC-Ms analysis, several 
proteins have been identified in the tear fluids of 
human and other animals. De Souza et al. (2006) 
have identified 491 proteins in the tear samples of 
the humans using MS3 approach. Similarly, 
quantitative and qualitative methods and techniques 
have been applied to identify the proteins in the 
tear fluids. Especially, techniques like two-
dimensional electrophoresis, ELISA, HPLC-
MS/MS and LC-MS/MS are being routinely 
employed. 
In the present research, 396 proteins have been 
identified using MudPIT ESI_MS analysis of tear 
protein samples. 
The duration of the diabetic disease correlated with 
the changes in the diabetic tears. If the duration of 
disease is longer, changes in the tear protein 
patterns increased. Grus et al. (2002) also reported 
that with the course of the disease some protein 
peaks appeared that are not present in healthy 
persons found to be more in the diseased condition. 
The analysis of tear protein patterns is a new non-
invasive approach in the early diagnosis as well as 
analysis of the pathogenesis of diabetes can induce 
ocular surface disease (Grus et al., 2002). 
 In the previous studies tear protein patterns of 
diabetic patients changes in those suffering from 
dry-eye disease have been reported (Grus et al., 
1995; Grus et. al., 1998; Grus et al., 1999). In 
diabetic patients, the occurrence of the dry eye 
disease and other ocular surface diseases has 
increased. (Ramos-Remus et al., 1994).  The dry 
eye syndrome has a very high frequency of 
occurrence in the industrial word. Moreover in the 
United States 59 million (1 of 5 people) of patients, 
suffer from symptoms of this disease and since the 
last ten years the number of dry eye syndrome 
patients has been doubled (Damato et.al., 1994; 
Schein et. al. 1997 and Bjerrum et al. 1997).  
 It has been reported that (Shine, 1998) relatively 
minor changes in concentrations as well as 
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composition of above elements within the tear fluid 
can be affect tear film stability which ultimately 
affect on ocular health A chronic ocular discomfort 
caused due to the number of chronic diseases of the 
ocular surface which includes allergic eye disease, 
dry eye syndrome, blepharitis and 
conjunctivochalasis. Physiological and chemical 
changes in tear fluid may be responsible for various 
ocular disorders. Up and down regulation of tear 
proteins can be indicative of the underlying 
pathology. Proteins in the tear fluid may play key 
roles in maintaining eye health.  
In summary, Tear protein profile clearly shows 
variations in diabetic patients when compared to 
tear protein profile of normal persons. Certain 
proteins in tear fluid like Lysozyme, secretary IgA, 
keratin, B2M, Cytokines, albumins, lactoferrins can 
serve as biomarkers for diagnosing the eye disease 
status due to diabetes. All the reduced proteins 
have affected the function of the tear film and have 
candidate biomarkers. Furthermore, research is 
required to establish their exclusivity for diabetes. 
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